Abstract To correlate symptoms of deviated nasal septum (DNS) and chronic rhinosinusitis with the findings of nasal endoscopy and computed tomographic (CT) imaging. To evaluate the influence of degree of septal angle deviation on the severity of lateral nasal wall abnormalities. A prospective study was conducted on 67 patients with clinical evidence of DNS and chronic sinusitis attending ENT OPD between January 2012 and September 2013. All these patients underwent nasal endoscopy and CT scan PNS coronal sections. Direction and degree of DNS was recorded. Range of sinus mucosal thickening on CT scan films was also recorded. Chronic sinusitis is common in the age group between 21 and 40 years (50.74 %) with male preponderance (55.22 %), chief symptoms being nasal obstruction (86.56 %), headache (73.13 %) and nasal discharge (52.23 %). Left sided DNS is more common (64.17 %). Most of the patients have moderate DNS, i.e. 6°-10°(56.7 %), followed by severe (22.4 %) and then mild (20.9 %). DNS results in compensatory structural changes in the turbinates and/or lateral nasal wall which causes ostiomeatal complex (OMC) obstruction resulting in sinusitis. Contralateral concha bullosa and ethmoid bulla prominence was noted. Maxillary sinus is most commonly affected sinus (73.13 %). Patients with increasing septal angles were associated with a higher incidence of maxillary sinus mucosal changes (p \ 0.05). Present study reemphasized the concept that septal deviation causes obstruction at OMC which results in an increased incidence and severity of bilateral chronic sinus disease.
Introduction
Septal deviation refers to convexities of the septum to one side with accompanying deformities of the midline structures. A marked deviation of portion or of entire nasal septum may cause not only obstructed nasal breathing but also disease within the lateral nasal wall and consecutively in paranasal sinuses [1] . Patients with increasing nasal septal deviation are associated with a higher incidence of ostiomeatal complex (OMC) obstruction [7] . OMC obstruction in the direction of septal angulation is attributable to the nasal septal deformity, however, contralateral OMC obstruction is related to middle turbinates and lateral nasal wall abnormalities [7] .
Nasal septal deviation disturbs nasal physiology, not always, but together with conchal hypertrophy or other anatomical variations [1] . It could narrow the middle meatus by pushing the concha laterally [5] . Besides nasal obstruction, it exerts pressure to neighbouring structures. This in turn disturbs the drainage pathways, affects the mucosal ciliary function by contact and leads to obstruction and secondary nasal infections in all sinuses by disturbing normal mucus drainage [1, 4, 6 ]. An increased incidence and severity of bilateral chronic sinus disease was present with increasing deviations of the septum (p \ 0.05) [3, 7] Various studies showed that it is a deviated septum, which results in the OMC disease and compensatory conchal hypertrophy and enlarged ethmoid bulla. But in very few studies angle of septal deviation has been measured and the effect of increasing angle of septal deviation on lateral wall of nose has been evaluated. Nasal endoscopy and computed tomography (CT) scan has made an enormous impact in regional imaging and it has increased a surgeon's ability to depict accurately the status of structures within the paranasal sinus region and in delineating the location and extent of pathology [6] . The CT scan is the gold standard investigation in all sinus diseases and it gives detailed bony anatomy of the ostiomeatal area and serves as an anatomic roadmap for the operating surgeon [11, 14] .
The intention of this study is to evaluate the nasal septal deviation by measuring angle of septal deviation and to study what is the role and relation of degree of septal deviation on lateral wall of nose and sinus diseases by both endoscopic and computed tomographic evaluation in patients of chronic rhinosinusitis.
Methods
This study is a prospective cross-sectional observation, carried out on 67 patients attending the Department of Otorhinolaryngology, Gandhi Medical College and Hamidia group of Hospitals, Bhopal (M.P.), India, from January 2012 to September 2013. All these patients with clinical evidence of chronic rhinosinusitis were evaluated with nasal endoscopy and CT scan PNS (coronal sections).
Exclusion Criteria
Patients with acute sinusitis, allergic sinusitis, asthma, cystic fibrosis, immune deficiency, metabolic diseases or malignant diseases or those who had previously undergone nasal or sinus surgery, or maxillofacial trauma cases, and children \8 years of age were excluded from the study [8] .
Inclusion Criteria 1. All patients of both sexes with symptoms of DNS and chronic rhinosinusitis e.g. headache, nasal obstruction, nasal discharge, hyposmia or facial pain. 2. Out of 67 patients 37 were male and 30 were female.
The youngest patient was 9 year old and the oldest was 60 year old.
All patients symptomatically identified for chronic sinusitis were subjected to detailed clinical and radiological examination, diagnostic nasal endoscopy and CT scan PNS coronal sections. Angle of nasal septal deviation was measured in each case and its effect was noted on lateral nasal wall both ipsilaterally and contralaterally. The coronal CT image that best defined the OMC was utilized for the calculation of the direction and degree of septal deviation. The superior insertion of the nasal septum at the crista galli, its inferior insertion at the level of the anterior nasal spine, and most prominent point of nasal septal deviation were all identified and clearly marked on the respective film (Fig. 1) . The resultant angle was noted. The relationship between nasal septal deviation, unilateral or bilateral occurrence of concha bullosa and bulla ethmoidalis and sinusitis were evaluated using Analysis of Variance (ANOVA). Correlation between angle of deviation and range of mucosal hypertrophy of the paranasal sinuses were evaluated with Fischer's Exact Test.
Results
In present study, out of 67 cases, 37 cases (55.22 %) were male while 30 cases (44.78 %) were female. Male:female ratio 1.23:1. Nearly half of the cases (50.74 %) were in the age group of 21-40 years, 28.35 % in age group 10-20 years, 19.4 % cases in the age group of 41-60 and 1.5 % below 10 years of age (Table 1) . Among the clinical symptoms of the patients, the most common presenting symptoms were nasal obstruction (86.56 % cases) and headache (73.13 % cases) followed by nasal discharge (52.23 %) as suggested by Table 2 . On nasal endoscopy, left sided DNS was found to be more common (64.17 %).
In all 67 patients in the study group, CT scan PNS coronal section was done by taking 5 mm slice thickness. The patients were divided into three categories according to their degree of septal deviation to facilitate the presentation and comparison of data. Group I compared the patients with septal angles between 0°and 5°, where as group II and group III accommodated patients with angles ranging between 6°and 10°and [11°, respectively. 14 patients were included in group I, 38 in group II, and 15 patients in group III according to this categorization. This implies that most patients had septal angulation in moderate range (56.7 %), followed by severe (22.4 %), then mild (20.9 %) ( Table 3) . Table 4 shows the result of OMC obstruction in relation to the three groups of angle of septal deviation. There was no apparent statistically significant difference in OMC obstruction between ipsilateral and contralateral sides in relation to direction of septal deviation in group I, though the obstruction was a bit higher on contralateral side in groups II and III. In evaluating middle turbinate abnormalities as a function of these three groups of septal deviations, significant difference in contralateral turbinates was noted in group II patients. There was a significantly increased incidence of concha bullosa on the contralateral side. Similar findings were realized for middle turbinates opposite to the direction of septal deviation for concha bullosa in group I and group III patients. Lateral nasal wall abnormalities, specifically prominent bulla ethmoidalis with OMC impingement, revealed a similar pattern of contralateral predominance. A statistically significant increase in predominance of ethmoid bulla was observed on the side opposite to the direction of septal deviation. There was no corresponding difference in comparing ipsilateral and contralateral discrepancies in uncinate process deviation (Table 4) .
Mucosal abnormality detected on CT scan PNS coronal view, ranged from minimal mucosal thickening to total sinus opacification [13] . The most frequently involved sinus area was the maxillary sinus (73.13 %), followed by anterior ethmoid sinus region (53.73 %). Sphenoid sinus was least commonly involved (16.42 %) ( Table 5 ). Highly significant statistical correlation was found between angle of deviation of nasal septum and sinus mucosal hypertrophy, as detected on CT scan PNS (coronal sections). Patients with increasing angles were associated with a higher incidence of maxillary sinus mucosal changes (p \ 0.05). But this was not the same for ethmoid, frontal and sphenoid sinuses (Table 6 ).
Discussion
Ostiomeatal complex is a gateway to sinus disease. As a consequence of various anatomic and functional relationships immediately adjacent to the OMC, proliferation of disease into the anterior sinuses is natural [4, 12] . Nasal endoscopic examination in conjunction with CT scan has proven to be ideal combination in recent years. CT imaging of sinonasal region has become the gold standard in the evaluation of patients with chronic sinusitis [11, 14] . Its ability to accurately map out the bony and soft tissue anatomy of the paranasal sinuses has proven invaluable to the endoscopic surgeon in the diagnostic workup of a surgical candidate.
In present study authors found that the effect of nasal septal deviation on OMC obstruction is higher on contralateral side (17.91 %) as compared to ipsilateral side (11.94 %) . This is in the group II, i.e., moderate angle of deviation (Fig. 2) . While in group I and III, i.e., mild and severe degrees of septal deviation, there was no apparent statistically significant difference between ipsilateral and contraleteral sides in relation to direction of septal deviation. Yousem et al. [16] evaluated the morphologic features that predispose to sinusitis and concluded that patients with evidence of sinusitis on CT scanning had a higher degree of septal deviation than did those without. They further showed that rates of sinusitis were not significantly different ipsilateral and contralateral to the side of the septal deviation.
Similarly, Calhoun et al. [4] examined the paranasal sinus CT images of both asymptomatic and symptomatic patients. These authors clearly showed a strong correlation between septal deviation and sinus disease, although the degree of septal deviation was never qualified. They further documented a significant association with OMC obstruction and ethmoid sinus disease only on the side to which the septum was deviated, in contradiction to Yousem et al.
Elahi et al. [7] evaluated the nasal septum along with paraseptal structural and pathological entities in an adult population with a clinical diagnosis of chronic rhinosinusitis. They showed ipsilaterally, that is, in the direction of septal deviation, OMC and sinus disease is directly attributable to the septal deviation in the absence of any other discernable factor. While on the side opposite the direction of septal deviation, a prominent bulla ethmoidalis and various middle turbinate abnormalities have been shown to be the cause of OMC obstruction. They also showed increasing OMC disease bilaterally with increasing septal deviation.
The results of present study were parallel to those of the study of Elahi et al. [7] . It has been shown that bilateral OMC obstruction and disease in anterior group of sinuses occurs without any discrepancy on the either sides of septal deviation. Authors assumed that ipsilateral OMC and sinus diseases are directly attributable to the septal deviation. While on the side opposite to the direction of septum, bulla ethmoidalis and various middle turbinate abnormalities have shown to be the cause of OMC obstruction.
Authors have observed in the present study that with increasing angle of deviation of septum there is statistically significant increase in both middle turbinate and lateral nasal wall abnormalities on the contralateral side. Incidence of concha bullosa and paradoxical middle turbinate being 28.35 and 1.5 % respectively on contralateral side, as compared to 4.5 and 0 % on ipsilateral sides. While incidence of bulla ethmoidalis being 22.37 % on contralateral side as compared to 5.97 % on ipsilateral side. But there was no corresponding difference in comparing ipsilateral and contralateral discrepancies in uncinate process deviation.
True concha bullosa (pneumatization of both the vertical lamella and the inferior bulbous portion) in the normal population has a reported prevalence of 4-15.7 % [2] . In patients with chronic sinusitis, the prevalence of concha bullosa increases to almost 33 % [9, 17] . In present study, concha bullosa was seen in 37.3 % of the cases (25 patients), which is consistent with above mentioned studies (Fig. 3) .
A markedly medially bent or folded uncinate process with a corresponding area of extensive contact with the middle turbinate is one of the most frequent pathological findings in patients with chronic sinusitis [15] . In a previous study of 114 cases Milczuk et al. [12] found the uncinate process to be laterally bent in 11 cases (9.64 %). The exact prevalence of these variations and their relation to sinus disease is not determined.
In present study authors observed bent uncinate process in 8.9 % of the cases. Medially bent uncinate process was seen in 7.5 % cases while laterally bent uncinate process was seen in 1.5 % cases.
A large ethmoidal bulla may contribute to sinus disease by obstructing the infundibulum or middle meatus or by being primarily diseased and filled with pus, cysts or polyps [15] . The exact prevalence is not known [6, 10] . In present study authors observed enlarged ethmoidal bulla in 28.35 % of the cases, on CT Scanning.
Distribution of mucosal abnormalities in each paranasal sinus was determined by coronal sections of CT scan PNS. As recommended by Som [13] , mucosa is normally not visible on CT film, so any imaging of the paranasal sinus mucosa was considered abnormal. Accordingly, mucosal abnormalities ranged from minimal mucosal thickening to total sinus opacification.
Mucosal abnormalities were most frequently noted in the maxillary sinus region (73.13 %) in present study, while Bolger et al. [2] in their study of 202 cases reported the maxillary sinus to be involved in 77.7 % of the cases. This was followed by anterior ethmoid sinuses which were involved in 53.73 % of the cases in present series, in comparison to the 84.3 % in the study by Bolger et al. Frontal sinus was involved in 14.75 % of the cases in the study by Bolger et al. while in present series it was involved in 43.28 % of the cases. In the Bolger series posterior ethmoid sinuses and sphenoid sinus were involved in 38.6 and 25.4 % cases respectively, in comparison to 28.36 and 16.42 % cases respectively in present study. Kennedy and Zinreich [9] , also noted the anterior ethmoid region to be the most frequently involved area of the paranasal sinuses (78 %). Maxillary sinus was involved in 66 % of cases in their study, while posterior ethmoids in 31 % of cases. Frontal and sphenoid sinuses were involved in 34 and 16 % of cases respectively.
In present study, authors find maxillary sinus to be more commonly involved than anterior ethmoid sinuses, which is similar to study done by Mamatha et al. [11] , they found 67.5 % maxillary sinus involvement, 32.5 % ethmoid sinus involvement and 25 % frontal sinus involvement. Unethical antibiotic usage is a possible source of bias in these investigations. The full effect of such therapy on CT scan outcome is unknown. It is logical to assume, however, that antibiotics would reduce the prevalence of mucosal abnormalities. Hence the actual prevalence might be even higher than reported.
Conclusion
Deviated septum most probably results in compensatory structural changes in the middle turbinates and/or lateral nasal wall. Increasing angles of septal deviation are associated with bilateral sinus disease and contralateral middle turbinate abnormalities and ethmoid bulla prominence. Maxillary sinus is the most commonly involved sinus region, followed by anterior ethmoid sinuses and frontal sinuses. Patients with increasing angles are associated with a higher incidence of maxillary sinus mucosal changes. Hence, present study reemphasized the concept that obstruction at OMC is the key factor for causation of chronic sinusitis, which is secondary to septal deviation.
